Triple-point dewetting of pure gases llke hydrogen aird deuterium on solid substrates is a well-known phenomenon. This property persists even for the mixed system of Hz and D2. There exists an effective triple-point temperature ~3 (~~~) , between the Tj of pure H2 and the one of pure Dz, which depends on the species concentrations. We present new invest~gations for a wide range of H2-D2 concentrations measured under diffcrerlt thermodynamic conditions. This allows us to map out ~~~~~j as function of concentration, which can be different in the melting or solidifying direction. Furthermore, it. turns out that the time the system needs to reach an equiIibriun1 state can be very long and depends on concentration. This is not observed for the pure H2 and D2 system. Sometimes the relaxation times are so extremely long that significant hysteresis occurs during ramping the temperature, even if this is done very slowly on a scale of hours. This behavior can be understood on the basis of mixing and demixing processes. Possible differences in the species concentrations in the gas, liquid, and especially solid phase of the system are discussed. A preliminary phase diagram of the H2-D2 system is established. 
Wetting of solid substrates, exposed to a gas in thermodynamic equilibrium, is an ubiquitous phenomenon with both fundamenta1 aspects [I ,2] and important applications 13-51, Microscopically the wctting of a substrate by a liquid fiEm is caused by a strong substrate-particle attraction mediated by van der Waals forces. At present an almost complete microscopic understanding of wetting on a well-defined solid substrate is available [1,2,6]. The main prediction of all these studies, for given thermodynamic parameters such as temperature and pressure, is that the thickness of the liquid film is a function of the substrate-particle and interparticle interactions. In other words, if the van der Waals force between substrate-adsorbate becomes stronger than the interparticle interaction then complete wetting of the substrate, i-e., diverging of the thickness of the liquid layer at the coexistence line is expected. Dewetting will occur if the attraction is weak. In the latter case the growing of the liquid film will become energetically nunfavorable and dewetting will take place by forming droplets on a very thin (a few atomic layers) liquid film on the substrate. In the solid phase, however, even in the case of strong suhstrate-adsorbate interaction dewetting occurs due to the lateral stress induced by substrate roughness [7, 81 . This leads to the T3 dewetting as observed in our systems.
In this work, we have investigated the wetting-dewetting of both pure and binary system of Hz and DZ on a gold substrate. Applying D2 as impurity component i n the Hz-D2 dilute mixture was motivated by both its similar structure to H2 and its different physical properties from Hz. Moreover, D2 is a slightly weaker wetting agent in the solid phase than Hz [9] and has a relatively small zero-point motion (in comparison with H2 negligible [lo]). Therefore the interaction between rnoIecules and substrate atoms is to be different for E12 and D2. Regarding substrate roughness our experiments arc in a range where the difference between the two isotopes (in their pure form) is negligible. We discuss how the concentration of Dz modifies the effective triple-point of the two-component system.
Experimental procedure
All the experiments presented here were performed by utiIizing the surface plasmon spectroscopy, which allows to determine the layer thickl~ess of an adsorbed medium with high resolution Cup t o a few tenths of a monolayer). The substrate in our measurements was a gold film (45 nrn thick) evaporated onto the base of a glass prism. The experimental setup is shown in Fig. 1 , more details can be found in Ref. 11 . However, the signal processing in comparison to the previous experiments has improved, therefore it resulted in more precise measurements giving results with improved accuracy. The system was fully computer controlled, so, e.g., parameters like temperature could be swept up and down in time very slowly in small steps. This was done several times to check for reproducibility of the measured data. The height and width of the ramping steps, as will be discussed in the results, were chosen, firstly, according to the normal reIaxation of the system under investigation and, secondly, to fuIfill the equilibrium thermodynamic conditioiis during the experiment.
Results
Presented here are the results of wetting-dewetting measurements of both pure H2 and D2 as well as mixtures of both isotopes. As typical examples for the mixed systems we discuss 10 and 50 % D2 samples. The numbers are molar-percentages of D2 in the mixture of Hz and D2, and the samples were prepared as follows: after taking an adsorption isotherm of Hz a t 16 K and the11 raising the temperature to 19 K followed an adsorptioil isotherm of D2 in order to reach a certain concentration ratio. Afterwards, ramping the temperature in the range of 10 to 20 K was done. In Fig. 2 the T3 dewetting of pure H2 and D2 and the effective triple-point wetting-clewctting of the mixture of them are plotted. It is observed that for each mixed system the cooling and warming curves reveal a large hysteresis, which is not found for the pure 1-12 and D2 temperature runs. The hysteresis reveals to be solid and stable.
The triple-point temperatures for pure H2 and D2 are 13.85 and 18.55 I<, respectively. These temperatures, which indicate the onset of dewetting, show within an accuracy of 50 mK no significant hysteresis. For the 10 %-doped system, the dcwctting (cooling1 and wetting (warming) temperatures are 14.30 and 14.65 K, respectively. For the 50 %-doped system the dewetting and wetting temperatures are 16.75 and 17.30 K, respectively. In order to examine the genuineness of the hysteresis, another 50 % mixture of H -D 2 was prepared, but this time at room temperature. Thereafter the adsorption isotherm of the mixture was taken at 20 I<. Furthermore thrcc complete cycles, i.e., cooling from 20 K down to 10 IC and return with steps of 25 mK/min and a resolved time of 2 min between two successive steps, were done. Figure 3 ramping speeds, e.g., 10 mK/min. We should mention that during the first scan the hysteresis appeared in a snore pronounced way as shown in Fig. 3 . In the inset of Fig. 3 the associated vapour pressure curves are ptotted. It shows that the slope of each curve levels off somewhere in the middle of the curve and rises again. The effective triple-points of wetting and dewetting occur exactly at the point of the lower kink for both cooling and warming curves. En order to understand this behavior, in Fig. 4 we have redrawn the supplementary vapour pressure curves of Fig. 2 . The solid curves, placed between the vapour pressure curves of pure H2 and D2, are calculated pressure curves of the binary systems of H2-Dz with different coiicel~trations of D2 derived from the partial pressure law where Cq is the D2 cance~ltration in the mixture and CTS and qq, (TI are the pressure of H2 and D2 at given temperature T, respectively. Having obtained these values, one can calculate the total pressure of the mixture under the assumption that the concentration of the species remains constant in the solid, liquid and gas phase. It is known, that even for an ideal binary mixtlrre this condition does not hold, and the data plotted in Fig. d iEIustrate this deviation. The data demonstrate that the concentration of D2 in the liquid phase increases as the temperature raises and vice versa. Furthermore, the size of the hysteresis and the deviations from the predicted standard curves depend on the concentration of the D2 pflase in the mixture. The size of the hysteresis is largest for con- The observed behavior can be interpreted by taking into account the temperature dependent differences in concentration in the gaseous, liquid and solid phases inside the sample cell. Let us consider, e.g., a mixture with a nominal D2 concentration of 50 %: i) When we start at high temperature at gas-liquid coexistence, a thick liquid wctting film will be present on the substrate, as it is observed in our measurement. As the temperature is lowered and the liquidus curve of the mixture is reached (at =: 17 K in this case [12] ), solid will start to form at the bottom of the sample cell, with a concentration distinctly higher than 50 % (given by the solidus curve at that temperature).
Upon decreasing T further, the D2 concentration in the remaining liquid -both at the bottom of the cell, and on the surface where we rncasure the film thickness -drops, until eventually all bulk liquid has crystallized. At that point ( T . ) ) the drop in film thickness, characteristic of T3 dewetting, starts to take place. ii) For a run starting at low temperature, on the other hand, the bulk solid has -due t~ homogenization at T > 12 I< 1121 -a homogeneous concentration of about 50 % throughout the whoIe sample. Upon increasing T the first bulk liquid will appear in the ceIl when the solidus curve is met (~1 5 . 5 I< in this case). However, only at higher temperature the tI~ickness of our film, when in coexistence with bulk liquid of the right concentration, will have reached its +complete wetting value* of about 100 A, identifying T~("P'. Since T~(~"~~' and T~(UP' do not coincide, due to the paths in the phase diagram as described, a hysteresis results, as i t is in fact observed.
Conclusions
In summary we have shown that mixtures of the simple van der WaaIs adsorbates of hydrogen isotopes are well-suited for investigations of the wetting behavior of binary systems. In pure Hz and TI2 the adsorbed films display the phenomenon of triple-point wetting (i.e., dewetting sets in rapidly as thc temperature is decreased belaw T 3 } , and we have studied how this behavior is affected, when instead of a one-cornponent system a mixture of H2 and D2 is used (where strictly speaking a triple-point does not exist). It is found that the feature typical for triple-point wetting -the rapid drop in film thickness below T3 -persists, but the characteristic onset ternperaturc is different for cooling and for heating, in contrast to pure systems. We attribute this hysteretic behavior to the different concentrations of the hydrogen isotopes in the solid, Iiquid and gas phases, respectively. Our results suggest that the method applied here does not only yield insight into the wetting behavior of mixed systems, but a further anaIysis of the data should also provide detailed information on the phase diagram of I-12-D2 mixtures. 
